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ABSTRACT 

Provided is an apparatus for depositing thin films on wafers through an atomic layer 
epitaxial process. The apparatus for depositing thin films on wafers prepared in a closed 
reaction chamber through an atomic layer epitaxial process comprises a susceptor, a gas 
supply unit, a gas transfer unit, a susceptor driving unit, a vacuum pumping unit, a wafer 
heating unit and a reaction chamber heating unit. The susceptor includes a plurality of 
stations for receiving a plurality of wafers whose reactive surfaces are exposed in the reaction 
chamber, and a wafer ascending and descending unit that moves upward and downward with 
penetrating the station to receive the wafer. The gas supply unit, which is located on the 
reaction chamber, sprays a plurality of reactive gases to the reaction surfaces of the wafers 
positioned in the susceptor. The gas transfer unit transfers the plurality of reactive gases to 
be alternately sprayed in the gas supply unit while maintaining them to have a predetermined 
temperature. The susceptor driving unit rotates the susceptor at a predetermined speed, and 
simultaneously ascends and descends the susceptor towards a reactive location adjacent to the 



upper surface of the reaction chamber. The vacuum pumping unit keeps the reactive gases in 
the reaction chamber at a predetermined pressure, and temporarily exhausts the reactive gases. 
The wafer heating unit, which is located at the lower portion of the susceptor, heats the 
reactive surfaces of the wafers at a predetermined temperature condition. The reaction 
chamber heating unit heats the inner temperature of the reactive chamber at a predetermined 
temperature, and a plurality of the reaction chamber heating unit are inserted into a housing of 
the reaction chamber toward its circumference direction at a predetermined interval. 
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(74) meiS! Algg, 

(54) a AM OiiilgjAI ggg gjg gs* gjg i§*fg*l 

tht isi aaaa in sm^^wimsi wni&orasf 

°I6K3I £J9| ^EilOldH £h#3hE^ s5|-i>^fe 

wmimm 4§9j ses sxishSAi aiz^ssss oi^s^ 7iaoi**a-. 4^1 aiseii 

ismis lift?/, w tsnusarsg? 8§ " Mao aan - 

»£SL 30OIH, 3*T, deposition, susceptor, gg-g7|x|| 

sis Biewe! tt^s«tsa2i ?hre. 

£2- B ITS Oil CEFS MiTI^AI SSI 9\tt BBEfll «W S4TSW2I 

E3a, E3b^ A1*jEi^J AFAIE2I- A-A EK3E. 
E4a= UERJlfe eSS. 

E4b= E4a2j 8^ 3TEHE. 
E5^ &8flS| £W SSE. 

£7a~ IS^e UEH.H2I ««»■ tfg£2| IIBSE. 
E7b= IS^e UEH-H2I B»tf2| SBSE. 
E8£ ?|fl]0l£^M UERH5 HH £hE . 
E9a, E9b= 7I*DS3*2| flSEffl- BSE. 
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a g«s aj-s^iW Ta^g «t9* S*rS»lH 20IQ. MD ?xi]32S, a ^ge CK^ SilOliH 

i SM^oii ^sufoi m^m e*mfe saoii sjchai. 7i*iis^, ^lonti^^, JiaiHHs^ e^j 
i Aug*] *7»kh athgi §saii ^ ^§*ie xnamg 20IQ. 

SSxII^KI- *i]£SS = l'^£g SilQIffl *S OilEI E -»AI (epitaxy)£S, ^1°^^ S.^/01 

SS, A^i^E" (photo lithography), OflS §01 ^ShElSAI StSSQ. SEH g^J fliM 

xhss^ei Cri§^ ssm 7\n bis hoiihb ^, am= ±7}m **gm?\ ?ish wiki^ai § 
aioiiH ?ioii mm essm, ^eqii ssd sssks sr^om qi*?s »as 

am ai ?4ioiffl ?ichi ssem »ge e, K^q 21 ^# gssioi bkh±*w &ssq. 

BK»-fc» *0£§SOi|A1£ DH SSOm STOI SSSLK 371] 4?r*|£ ^Hur2, Til 01 M £»BtOIU 
SE #»5|-£g ?5 01921 = d-sf°|(Si02)2F, Zh2J S30IU S^/0IS^SA|2] Dh^H, i^f 

M2#£5 ~S 01921 = §5h^(Si3N4), ^CH£!Oil TilOlM SfOI 0|g2| = CHS 

^a^^(POly-Si), ^Xh LHDilAI :£Ar2F £XrM 91 ESSIS OlgEITiU SI^ETOF 3^2l£ 

s ub ^ sa. es, £9i ms»boi ^ ohjh, chs^sj §soo caa ihto 201 

Q. 

£91 ^eraS £ tttr^SSai- AlOil, CV0(Chemical Vapor Deposition) S*!OI ^El 

oi©eih »a. cvDSh $4) 01 nil- ei-s^on beisai ?mm voium s*rsh& ?ia^ 

Ai, £XH CH^^^J ^ S§(H) 0|§£|H 2>Q. DIMS CVQ, 32T CVD, MEr^OI- CVO, CHI U XI 

cvDeoi 2i=a, ot a?u m^moi ^choi: tin ^ =j)iph asMo* m= ^201 ^ib^o^ 

QSS ^£1^ 5|£ oh^oijAi ^&(SiH4)M gMtHeKW Si^^M 9-HOI ffl ?|(H! AlgjQ. g^Sf m 
m\= Sl^^S ^fflEig (sputter ing)^0| ArSEIH SlStXIS^ sl^QII^ CVD^E &0| OfSElH SACK 

gsrtHI CVD^M Olgsf-9 ±m 3HU1EI XI (step coverage)^!- ^Ol AID1, gAIOil 

BJ ?IIOIiH0il 4^ 2!S0I SiLK 

0151711 StSx-lliXrOil 2iCHA| ^ §*f §§h q H o g aa - ggOICF. Qi^OI *^Oil SLI-S ^§01 O r LI 
Eh, DH ^§01 2t»l UHOrQ 1'3^^^ ^£IOj0^r^ ^§0171 UH^Oi! 3 g£^s HQ. CQ-Ef 
Ai , Sfsti- ^^^1 ^lorOI S^s ^qoi Ol^Oi^, ^XH^ S^^EHSJ LHOil ?JIQIfflM & 

^ol ^Xm CHIIII^Ai gS^E^J 7H5I- §Oil °i^hCH Sl-Elil ±Xf XiligSDilAI ^^£171 OiSS 

BSOI 2i£U ^£ SI ^ Si^ §SOI 2i7l HBSOij, OIM ^Ei-il^^ 

XiliQil ^§SF7| ;H1 K 0I StSEIIl 2iQ. ^ail MOi, EIOUI H^h ^0| aXr# Oil ul^AI s 
SOil e^r^l ^ S k H[^ 7lx-il# Ol^r^ 713101^ ^5*(1)jU- ai0lffl(2)7F ^01^ A1^JE1(3, 

susceptor)7h 3^ SbH(4) LH CHI ^1\0\ OI^S ^|jj|Oi| EU3h« 3X r # OHEI^AI ^§1 StSuHI HQ. 
01^ OI^S ?4|0lfflM ttLt™ ^.2.^. 01^*1 ?JI0lffl2J gJAF# Oilal^ AI ^§01 ?JI0IIii7|- 

a^E|H QAI AHsL^ 9J]0|itjM Ol^rOl SXr# QilSI^AI StSttCK 

□d1U, Ol *!EI^E7h W^m E^l Al^ ?J|OIIfl 4^B0I ^ e§OI 2iQ. 

OllieOi, OlDW^KInnhftshi: US 5,338,362)= 2 SIStH (Cylindrical vacuum chamber) (1 )2K 

^EiOOIfl (wafer stat ion)(31-36)2h Q^^H^ SllOlffll AlXISfe EU0IM(A1S'E1)(a 
table(susceptor) support ing a plural ity of wafers)(4)2K ii (vacuum pump) (5)21- , £91 LiiOl MS 

SISAI?!^ A^i ^ 2E1(6)£K ^l EilOIMl ^^Al?!^ EI^Ei(7)^f, ^7 1 2^15 bfi Oil Til ^ 

S7IHS -^A|?|^ 7iaSS5h(IOJ2)2K £91 ^lOifflg 7^m7| ?|?J- S|E1(42)g ?[X\H 

fiQ(Yoder: US 5,281,274)^ £!S^tH(12)2h ?ilOlitiM °]-^A|^|^ ^^^H^J A1tnatfi(26, 28, 30, 32) 
2K a4=7H°| «| 0| OS AlAl^h^ BrSCH(AISia)(16)2K S^S^i^xi! (50,56)2K £91 ^§CHM SISAI 
?I7I Afc=M 5! SE1(18,22)2K e]-^7lxllSS£.K76, 84 , 68)2F, £91 

E1lg£.Ktailpipe)(44)2K £91 Eil^ShOil ^^EICH £9 1 ^7|ill ^Al?|?| Z\*y 

S^e(46)2K £91 ?IO|ltil 7rl5r7| ^Iti" ^1 El (36)1 7hAIH Si^Dl, 

2?rA1l(0hkase: US 6,111,225)^ §§Sbf1(2)2K £^7|Sil§55K28)SK ?JO|iHSQ (14)2K £91 SllOlffl 

«□« ^^rs ciawxixicH aaaai-, £9i aiouHsaon sgs aiaiaee(i5)2k £9i noioisai a 

9AI?I7I ?I^2E1(22)2K 7ie(substrate)M SIE1(16)2K olEHMI ^g7I^IM SAKdi rect ing) 

or7| gSa7iai5.K18)SF, ^^2J olE1H(50)# 7 r X|I2 2iQ. 

□SCO. £ v 7l2h 12 ^EH2J 7|^M2r ^LH*!g£!2J>SSSII 84-21822(1984. 10. 23)21- 
3;l\\gJ\\m&S5L Xil 98- 1 75862 ( 1 998 . 6 . 5S 7H ) 21- ^LHSJH ^WSa»l90-l 091 52 ( 1990.7. 1 1S7H )§§ Ell 01 
M^J ^EilOI^Oil aiOtffle °^r7| S.^7|fl|2J SJIOiaOilS]- 7H§fe 2!5rOI 

^£7|X|| 71- ^lOliEIDil §*,WI £l£t 2^^201 OI^CHAIAI^H, ?J|0IIij2| S30i| ^^'u^l 

e s^pi oien, mi ^ v 2i cms iiurSAi s§§ ^ a- snse ^rAin a 
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01 on b irs^ms oiiai E -«Ai 3gt©sAi Q4: oj ojomg ^ei^ 4* 2i= etsgah a*g« 7i 
sisj oia^E* s sooinra ssss nan nouns saspi «*}■ S»# Dfllll^AI s 

oie*»- Q^2j sooiia «ra §sr 5«oo sc- 2e iwirerach 

2 use £9121- irs snss naftPi siaa a-*** 22s sxtmmmM sse oisswj beh 
sd 01021 ecH ai?ioi area saseai sichai, lk^j bi-eh 30012121 ^ § 

*f §§1 73-§£5 S«*KM, 7h6^e £Ah ^HISKN »g£ 4*S1 35AI2IH, Sg7>±g A1 

g ibchsiss s5&pi tm^Qii ^ii ^goi *ooiw $ aaoi, 7^ sssmw Aiis^i^t ^?mn n 

Olffl 7Fg^M 5 5 MAI ^H^^S SEXIIOI 5 hffl, B.HS22I £^2f ^3011 SI Ell g»5WI BJ-g^g 
1 4= 5^22 BffitDSIOIttl 3*81* ^ o,^ djEfflSmilH 

s*r s»s justed n ^^D\ 

s^-^ a ^goi| [KK bhg^ LH CHI OffiS 80 01 HUH OilHI^AI SS£5 g 

BJEH gsTSflOl] 2UH AL £91 LHOil £1x1*1-01 BfS30l k^ElE^ CM£ffl2| 80OI 

IBS 2WA|?I£ [>*2| ±EBOIdO| OI^EICH SSOL £9! ^EUOIdWI £91 8001019 3*fAI7l7| 8ISW1 
£91 ±E{]0I£1 »B**ES SfthSSI-S SllOlifl^SHWP A1SE12K £71 6*8^21 £¥0il D^EI 

ch £7i Ai^EiQii ef*ra simian »saw703 m^zi si-e^as ^ixossmk £7i 7iais 

2nrD0A| jaejSj^S ^AI-EIE^ £91 ffS^IHfl £E5 SWohSAI ±^ AIZ^2{££ 

Ol^uh^ 3IM0I£*2L £91 Ai^jEie ±§2| **E£ SSAIS2I- §A|0il £7| S»-gg £^3(HI ESS 
XI ^ ^h^A|?|^ A1^|E1^e^2K £9 1 fe^l ^S^iail §§t^ °AluHl, 

£9 1 ^g^i^lM ^Al^o^ uh#AI?I^ 2^SH^2K £9 1 AI^Ei^ u^Oil SIXimCH 4^1 ?iiO|ffl2J ^ 
§31 ?i!0liil^l^£K £91 Oil S^S^l 

m\ m%ti ^aaoi si^ra, e^s^ lh^^j ^ei ^usi-^ ^^^e 

tfe 21 ^9^^ 5^ SAf# Oil III^AI SSI ^ e=r§«Wl 2J*H ir^=IQ. 

CH7IA1, £91 $101 IHSaraWS, SI SSuFTfl ^^E|CH Si^ EI^M laiOIMSK £9| E|^e =yj 
OIM^J ^AF^ ^^CHI S^2|n_h^ Ol^EICH £91 %\Q\m2.l S^E|~ E^^H2j ?||0|jH S 

UK £91 El^e #E1IOIE2h l^EJOj ^h^# ^M^^ i^fe 201 dh^^l-EI-. 

£9i 7i^]oi^^^ aiers^ia^ ai^si £^h^ aseioi x-rn^sa Tas-ii, xoi^sa 
noii ai?i^ *iiisEi*h in i^§s fliMioii g^2?mm\ ?m m m 

BJ\mm %mzt= mzm^K aiissa-^s ¥ei xiiis^shhi 33a xuig^ia- si ^12^71^1^1- 

°-^£^ £EH^ 7HS-EI01 7s\&H, W5H01I M^^li-ilM °2JA|?|^ Xi|2°S 

^^^E1 ^I2°a^-0i! SIS 333 *il2^|^ it^fe 20I Hh^^hQ. 

£9L ^M^e^HF X]\2^m^ ^ "^^21- 33EI^ S^£g 33EI^ ^7|E|CH 
01, £91 5HJIB ^S^l 2ES 7^^h7l ?l^ 7« 4€KJI 3 3 El 01 201 d^UhCh 

it^, £91 ai8a»3ll- £^l Hll^a ^S-H AWL flll^^^Eh Aid, £91 ^12°^^ ^I2ai- 

IS AFOL ?;il2°#^Ef MOIOil 7I^I°J ^Al^fe xilB^MSF S^I^Oil 2i^B 

= ^ 33EICH 2JH, £91 ?3MSg£Hl|- B= AWL fll2^#£MH S= AWltHI ^l^fe 

aam^ aaa= 201 u»5i*m. 

32112, £91 »l2SS£h2J 51 £91 X111°^Ef Xil2°a^^ ^#^011^ £91 

MM Q\^M9\^ ?HEICH£hOI 31EICH 201 b^t^Q. 

£91 ^12^^^^ o^7l^l7h ^AhEl^ AIS1 A|£ JH^^^^ WiOi^FCM, 01^ AIS 

CHIA1 g UHOil Qi-Sfil LH^= CH^ S> ^71^13 ^AF E|^ 201 Uh^^O. 

£91 Xill^^^ izr »|2Ssqig BfS^ia^ ^^EIAI ^ AlgOII^ £91 n *il2g7|£M 
loH §^ 7| fll #2FAI?1 £71 aiS»? E~ Xi!2°^^M AilgSfe 201 UI-B^JoKlK 

SI'S, £91 ?41 01 IH7Fa*£ ( ^ flICHEICH £71 AiS!E1°J S^^M CCfEh A|g QS ui-gl 

^ D^H^J ^3!IS^Eh, £71 olE17h ^xl3 §^°| 3SS^0il Dh^EICH £9| ^lEi^J 

S30I ^SEI^ 21 ^Xmi-71 ^l^hOj MIhS7|fll! ^^o^ «a^|-^ M^7|ifl^A^l 5tm^ 
201 H^^Q, 

0I5L E31 S-ioWl ^x-11^3 £M\S\\m ^oH B ^ h 32J flStKU-. 

B ^5|§^r§x|^ £2011 £AI3 fdhSh ^OL SAh# CHIHI^AI SSI LK^J ?ilOHH ^1 S^l- 
^ SflSMI, ?4IOIffl 0I£4=B(0!EAI)^^E1 01 ^3 Q4=^J ?-j!0IIrl7l- ^§301 in^El^s ^Of^ Q}- 
4:BJ ^EHOId^^ ^£EI^ A1^E1(100)EL Ai^jEiCH! SJIOIiHl 0j^h7l 9151-01 SSE&(0|£AI 

ei oi zmmw £&e 0130^1 ?itf ?jioia^oi-?,^(20o)2L ai^eim 01^3 q^bj ? 4 ]oiuie ^ 

St!" 2I3AI7IJQ ^§^o| S&31 bh§o,^ j2h Hiahso,^^ a^, A 1SEil £5^AI7|~ 

AiaE17S^(300)2L £7! ^3^ ^8^0! &g7lx||£! S£i?1^^ i^ElE^ ggSJ- 7H 
tfe 7^^(400)2L £71 ^g^LHSJ ^713] M gf^^S WICHem tfl^SJ $J]0lui 01^ 32J 

^ ^S£EHS ^Xlu^l 91*!- SS lS^(600)2h, £71 ^§31 *^hOI £71 ^§71311 S2tPI ?| 
SJ- 7|J||X{]S^(500, 701)5 £71 711 «| S^(500,701 )£ £71 u^^^l £^3 Oil oh^M t^l- 

01 ^xlEIOI £71 AI«SEi( 100)9 ^ilOlfflCHl Til ^ £71 ^g7|*il! SAFSfe 7lxilS=¥(701)2L £71 71 SI 
S^^(701)0il7il S.^7iail 01^5^71 ?\*t 71 iflOl ^^(500)1 
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?,ioiffl oi^bs eai Eioi siai sa. 01= 2i ^oi: ?ixisna saoia oi-a sa§ 

Oil 941 01 He bhl_h^ 2 QUI &§^LHS ?Sm= S»SAL a BSO0AI& ^g^2J ^3££ 4 

g §s^= &*il «»H aO. 01 = HB«ie! 9J£H SUIOfl gEI ^01 = ^R±^M 30ISPO €70 
^hM 3§*T 4= 2J= 7I&0ICK 

E2= £E*J-, SilDIO O|£^30i] 2JSKH B!"gg(1!)£ 01 S30lffl(13)e A1£]E1( 100)0{] ga&7| 

sot^n 2D. oi^si 94ioio(i3)7i- efgg(ii)oo ^seis sao ssj 7wm em «o 
oio^ms^oojoiiAi sjioiom er7i qi^sj eie^ #aois (202)00 *rgjS! 3;h°j siioio £ 

98 5!(E62| 201 »2)0I E|=g #3101^ «S §&23A| SfiM 3 ?|2| 9410IOM 1CH MSI 
J2 01 37H°1 S(20l) SIM 9410IO7I- #£W3 gfil SOI 2§ ^bHOilAi Eih73 U-ZfCh QAI ££I gai 
0IM7f- SIS§H3I A1*jEi CHI ?4I0|fflg 13 A1SE47I- SIS IT ^ °JE^ 3^32£ Ai*jEi OI-EHS 
EIEM M£ilO|M7|- 5f3©KM Qg 94]OIO# £= h l Still §JO. 0I7IAI, £>7| El EM 1£{|0IM(202)2J £ 
»»S 3 fltaOIMSI HH3011 BttEIOI SOI £t> F ££ 6ftt3B ^§Sh= d*RN?S«(ZD)Ofl 2J*f|A1 01 
50ISQ. A1*]E4(1Q0)7I- 90E ASMM QM 94)010 ^1 xl Oil Al gAISKQ «2| BWKM 4S 

21 94)0101 A1SE1 S|0{| ISI^Ti] SQ. 

AJ*jE1 = 34 £E= SiCM°4 A1IEF°j£S Ha»£l£ 20I SOISKB ±» *ii£0il ggEI = S3 Oil 34 
E= AilEh^e d E -T^ 4= SICK A1£!E1(100)= E3a, E3bOU1 S= Htftt ITOI S«°S ^2E|01 L1I § 
2J 941010(13)1 lEI^l 4= 24711 EICH aSB, 6 2! *| 01^21 noifflB 13^1 4= 2Ei ^ 

2EI01 S»Q. Zf *gigS L1I 9410IO £E0Qld (101)1 »£OI, 0| ±EOOId(101)§ 94IOIO°I 

Oil XI (edge) ¥£01 §3 ^il ^Amh= EWf *2E|CH 2iO(E3b §2). 9J10IO7I- *010* S" ^ ±01 
0ld(101)2J S|*| = , SEi ^Oil 2J^B £12 £^(300)0i! ^tH OI§SQ. 

AISE17S^(300)^ 94101511 AI3E1(I00)2| §382 Old (101)011 ^71 ?loH A1^|E1(100)e ^§^71 
£ oiQ!j± t!2AI?l^ 71s, S UROt) CU-Bh tlSAI^I^ 71^, SIOIfflM ^A| 
71= 71 

E3bl ^£.5 1-2, ^ ±E1IOId(101)S] Oil XI Oil ^ ?J10IIH(13)^ 9f 3 - 5mm SE ^ ^jgoi El 

E^ EW(1 02)71- ^^EIOI, aiO|ffl(13)7F § ^1x1011 ^ ^ 2iE^ EICH 2CK 9»(102)2| ^01^ » 
0I5I2J ^JJIIEh STil ^^EICH 9101071- Al^jEiOi) 193 S3^^^ A1^iE17F aiOIBaD 

M^EIAI ftJQ. 01= 91010 ?|Oil BTS7|3a7l- ga«M HS3Ai 2mt>w\ Bmm 



2| ^E1}Old(101)0il 2J*rS 941010(13)= WKM 7ia OI^^(500)S^Ei ^=E|- «^ 

7i a a- =sm&n sis ^^^ooooii sj^h ^^q. oioo chw aspaia ?Hy# E3boii li-ekhsq. 

E3b2J "14- = ^s^oj LI-EFLH = 01 ^3(14)2^ Z^OI 2f 2 mm - 5 mm7h El 

911010(13)71- ^^CK 01 S ^§7|*I17|- AIU7F3A1 94JOIO 53011 mmfc ^01 

Q. 01 Oil CH^ ^1^3 £4b# Si3|-0I US Oil ^S^h7l^ ^CK 

941010(13)2^ ^3(14) AKDI2] SIS gg^(300)2J ^|-g§M Ol^ofCfl ^^14 2iD. 

^oiiAi ^stj- ail- ^oi as ^§^(300)^ tissgii- &$^mm %mm^ =?zw ?>=q. 

<E4a- «|-°]-g*rM ^1^^^(700)1 SLOI^Jl °»H, £4b= £4a£J B^M E^^OIEK ^^"(700)^ 
Q4°J 94IOIOM m&^~ Ai^JEi(IOO), ^J\X]\m *^m\ ^AM5h- 71 SS^(701), ^71 
Ai^'Ei(IOO)^ ZVetW Z\*\ttB\ A1^IE1?|0il 0I^& 94IOIOM ilSti- 7^^h7l ^ti" 94IOIO 

7H^(702)EK 4^71 7^&WE|0il ?|x|3hOI LH^^J ^EM ^§5h>il 7^S|-= 7H 

^(705)EK Aj^jEi (100)011 941 01 01 MSI^TILI- 5lS^§ S ^^^1 uh^ Aifi'EI ^^(300)^ ^ 
SD. 0171 Al. 4 k 7l 9410107^^(702)= WS2!IS5 SlEiOID. ^71 941 01 H7M*(7Q2)2| 3S*]" ^IflWI 
= "^711 Oil SJtj-^21|H5^ I2S1 ^A|5h7| ?lt»- MU-27|xil SA^(703)7I- ^x|E|CH 2iQ. B!" 
7hS-AhE|01l= «^7J^IM £1^^ !T^h7| Z\tl SS^(601)0I S^EICH 2iQ. 

^71 7hS^(705)= «^^2J ^3(^3)2h 7Ho|-7l ^1 

^IE1(705a) SI 39 2«i-g^ olE1 (705b)EF, 9WIM. BJ87IM2J g^Oil »a ^ AM 300£3J|- 

Al 7H^F7| ?|*j- 51S^(705a, 705b)- ^S^(700)2| ^^Oil 7^EIAI^j olEIM 

01 ?a§D. »S6I(700)S| XISS£ ^SOii CI>Ef §SE71- 8f*QIS £E= ^^i^ 7ISI0I soiv 

^2!fll± ^11 A^tJCK 

*^2JS= ^IE1(702)^ 941010(13)1 £§22J0i! °^| 7f«*f7l ^1^ 22£A1 AFAiltl" LHg^ EG^ ^ 
2*1-01 US Oil £Suh7|£ t)-D. u|E1(702)^J t[^0\\~ SAie?f2J ^A^ (707)1 ^Xlb'FOI 

^S1 K Ell ^OIH 7lx-il^^^(701)^ E9a, EbEF &s hiSSAI, LH CHI 711 M 5^uh>il 

SAI-ol-71 ^|5FDI 0-4=2) ^AR7h ^^ElOi 

M ^5 71x41 MA^(703)=, ^71 711^^^(701)1 mM «j-§4 , (700) LHsL ^A^i Bi , s7l*1l7|- 
= U|E1(702) S3 Oil ™m\Q\ 1^^531 ^SA|7I^ 21 S*l3h7| ?l§h01 ^^7111 ^ 
AFohCW a"M2!l3E U|E1(702) «^7|x||7h ^^EIAI *t>l£m otf\ Z\tH g*m 20ILK W^>!IIS 

H eiE1(702)= ^!Oil Sjy ^AHl LH= *IE10|7| UH^CHI 3 53 Ol 2:SEI3 lElOl H>il ^DiA|7| 
[Ul^Oil ^xlt.^ 20IQ. 

Ba*(601)0| CHoHAI^ E7a, 7bl ««KH US Oil AhAilSI ^Soh7|^ 

E4b^ £4a^J S^^l mHtl" 2£SA1, Sj-§^2J S§3 (700)HF 2.^£S £E(7QB)7|- ^sTS 

21 Ll-Ehi! CK 01 ^E(706 ) 0FEH5= 2-5(nm Z.^HS 94IOIO(13)7h 2=m01 01 AhOI &§7| 
- *417f HS^Al 9410IO01I ^1 S^tiHK ^E(706)^ ^71x41 Oil 2J^H 22301 ^gofe 21 

»X|fth7| 9|*HM 201 D. 

3E.1LK ^E(706)2F *1§3(700)2| Ami S^H>iI yg7H7h °g| 4= S17I [IH^Oil 

3011 ^§71x41011 ^SJOI §^1 ^AI7h SQ. 3EHA4 g ^S01|A1= ^E(706)Eh B^g 
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& Arai on ^E2j ess 7i*:n SAierai a Araiaii s>g-7i*]7F sseiai um kck 

01 Bit!" 7lsg S r = gAK?£ £52J "708" 01 Q. E5e S3, ^ g^oj ghg7|a|7|. £^£|^ 
HH5K709a, 709b) 01 21 Oil g£2j g^£7|xil S35H7D8)0| °!g| W 4= SICK 01 gU27|*il 
§SSK7Q8)g SoB SS«7lflfl «J-g£ (700 )Hf gE(7Q6) AfOlQll gOi^g^S^ 01 ^?|0{] ^ 

g71S17f £SE|Oj BJg£j SSSOfl EgaH 21m BRIB" 4> 2iO. 

£5= Bf©*i(7D0)2J ^Qi] gSHQI &©*J LH2j S£g 3aoffl| SXIWI S12S!-©*!s|E1(7Q5b) 

g sot $n 2iQ. HE&ggsiEis etsg ba^ss 6tbh= ^eiai uieioiq. ni&sa 

5lEi(705a)0{] US. EA|SWI = SRWIEJ, E4a0fjA1 #BS| 2121- St) I ^§-£2J ^2 

21 CKI- Ail££ fiTHEIfe 71-MEIAI 8IE1S ?^SQK TEA 1 , H2S>g£ieiE1(705a, 

705b)0il 2JSH &§g(700) LH2] £E7|- ujgQil SJSSU SAI1 4 2iCh 

E6£ AISEI(IGO) ?|2| ?ilO|Itie 7h^Uh7l I^2SS = ulEie UBLHS §3E£A1, A1gEi(100)°i 

t^ou gggg-o^ irsas=7> gxis s^i ±Eiioidi serai g ^ sjck s-szsis^^ s= s 

^(702a, 7Q2b)£5 ^EIEICH SSHOI SQ. 01 = AISEIOil 132 Q42J HOIBIH 3atf 

££S 3i?3K?l £|*t21££, &SMO\ S7I UH^Oil E^s S<3 olE1£^ SII0IIH2J 3a*W 
4 £7| HHSM SllOlirll 5 S^2J £Ei [Q-g ICHol-OI SSSffl SflOlitil 

£7a, ?4l0ia ^ SSOi) AI-EE! 7|xfll 21^5 HH#§PI £l*t g£)^(600)2| S25E2F ^eSEOI 
Q. a^li-il^ AIU7r= BJSg fe^SJ LH^ 7r5OTE|01l Cr4=2J 1»SilS(801)OI ^2E|01 SllOlffl 53 

i xiua/d hws*tm srai*> ?m?t ^©^21 ^ra-nawAi i»sis(6ods ish a»s hhsso. 

0IS7L 1*rSS^(601)l Q4= 0|<? = Ai^jEIQil ^012 Q^2J ?JjO|IHg^ 5^ol->il ^§71x11 

HH^EIE^ 5^1 2*01 CK 

^1 1»S9S(601)§ ^9 S»S HHe^! ^g^2j ol-^Ofl 4^2J 27:hSH^(602)0iI S^EI 

Oi OlxF HHSSQ. »FSS*(802)S WoH OI» ^lx^ QI-AI S^g^ 2I^2J SSg = (D|£AI)Qil 

SIM ohU2J ^11^(603)^ WoH 2I^S KHSSQ. 

B ^SOilAiEJ HH?I Dil^H-ISM gdl5|-3, 37^1 LH2J 71381^ C^2J l^g 1)^(601)1 e^H 5^ 

^ S» UH^EIH, 47H2] 2^HSS(602)g #oH 0I» HHM^! W, HH2J 1^(603)1 1§H 2 

?410lia^ ^^El^l ^ SS^EH^ LH«3S ^A|^ 4= SIQ. 

^1 ^?50ilA| 1»SH*(60I)SF 2»aa*(602)2J ;H4^^ S^SjOILK 3 ?H^^ UlflJF 5^oF>il HH^I 
EIE^ #^^| P-4=5 SSI 2101 bF^^rai, o"H CHS^^^ ^^El^ 2101 Hh^bhCK 

£8^ LHCH! ffl-g?l^ll S2o^ 7|5c«O|^^(500)M UEH.H = HHShSOIQ. E8CH! EAI^! UH&5E^ 

HTih ^1^^(510)11- Q2^SJ£.K510 % )0I SIQ. SI 1Sa5K510)a X1!2^a£h(510 % )0ilS 0 -i|^2] 
HI. H2H»S(504, 504^)01 ^ flgHOil S"^ 21 N2U Ar 71171- 8STH(M7|(mass flow 

controller; 501, S0\')9.[ 7|i-|1^^1 ^Albfe ^IH H JS(902, 502' )EF 7|i-i|HMM E^ofe 
ga H JM(503, 503*)! MM HI, H2^ga(504, 504^)01 75i§HOil Sa^!Q. 

711^ #71 HI, H2SSSK510, 510') ^ OH-IEK 3§S ?HEICH&(520)« BM 

AiE ye^tm ssaa. hi, H2 ^ea(504, 504*) ^s-noii ssei^ mms ?\m= tcis-h lh^chi 

7151 ^AI?IAI 01 Oil 2|^U ^tl- 7IX-07F HK «I2°#^(5I1, 51T)g ^oH S^EIE^ 
= ^s'M SHI, ?HEICH*K520m 711^ "^^S 9.^71^1 7 F ^^E|7| ^ S CHI ^S7|^| 

2f 54SIOI BJS^Ifl^ g^ElE^ ?HEI01(carrier) <*vm §J"CK 0I21S Q^l ^^Kh g 

^^21 H^EF ?HE|CH220il £01 £>j3r~ °<3sd7|2|- ^ ^SOICK 

H1^a£.K510)(HiAl m*££ H1&gS(504)2J Ta&ng SSEI7I 2CHJ H1B?IS(512)0BA| 

B7IEICH H1Sg£h(511)0ilA1 ^ SL^^S g^EI^AI S = ^ HH7IE|^A| ^Q. ££*h, 

^|2°a5.K510 s )0j|A1 H2^§S(9]4 , )2J TftSHS °2JEI7I 2 CHI H»^l&(512' )0|A| g 

7IE1CH H2£g£K5ir)01IAi ti^tl W &§^^ g^EI^AI g = g HH7|E|^A| «JQ. 1 = S HH7|§|-= 
g^CHI^ 2| ^S"II01IA1 2|-2|2J u^7|X-l|21 H0l5r7l 2101 Q. 

& ^ h S(Hi [Q-sg, H1^gS(504)2f H2^g£J(904 )OI &g^(HI IUCH^ g^ElE^ ^SUSSQil BJ^RAI 
Ar^^S HOitl-Q. [QEFA1 , H 1S«S(51 1 )N ^11^71^17^ Hi UHCHI^ X1I2°^^(510)2}- 
H2S^5(5H )0il^ ^ g^7|x^h H29m7lxll7|- h^AI ^E^ Z| HCH^Q. 

HI^S&(510)0ilAi B7IS HIB7l£h(512)I^ H2SB5K510' )0ilA1 M7I^I H2B7l5h(512 )2J 2j^§ ( 
HISS5.K511) H2S«9(51 DM fflS^lfll^ H^AI SI UN MS^iai 01 XIII, 

H2g7l3(512, 512 )1 aH2S^| ISfe H1S#5(51t)l|- H2S^£.K51D2| LH^M 

MS (Purge )W\ «t> 2101 Q. 

£121- 301 2| HH&Qil M^S7|x-ll «]-§7lxj|7|- A[-§^^ aieh^o^ ^bes 21= 

» HIM (502)21- SS^«(503)M ^3^^ Ol^Oi 1 ^ 2iQ. 01^ E53IS0iI ^ 

^ XiiCHl ^fe 2!^^ B ^-S2J 7IB^^1 4=tS5fe 210101, 01^ XilOig^ B0WIA1 1^21 Al^ll 
7rS AI-EI-S gOI^OT fl^Sf 4^ 2iCK 

3 ^CHL £81 S3 SSEI^ &e7IX-ilU g§-«7|xi|2J S! S^P §§51-711 31-71 ^luhOI 1 

= ^ OI^EI^ HHShOU^ 2EI ill ^(505)1 £X\t>M HOi^l-S^ trQ. ESQijAi g^Qil SjuH AM- 

21 LH^Qil 10I7I-S 71312] 01|^|-7| ^lehCfl ^ £M] 150E §E5 71-^^1-71 ^ItJ- 

HHi^a* (530)1 UEI-yjQ. 

^121- HH£hA|^@jl BM 7lxil^ E9a, 9b0j| EAI& 71 x-li^^^ (701)011 2J^H AI^'EI 

won ias sDonaN ^SohTii bajsq. 
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oi^hwaisi- iroi, s ggoii [[fsg arss) noimsi ^ g^r sse amr * 3° 
i ssir ^ sip-. 

1 

^14' LHOil DISS! SilOlfflOtl SAhe CHI HI Al SS£S HfSf! §*!Sh= *s*Sf g*T§Xt(Hl 



?J10ia^3^¥l 3fe AlffiEm; 

#7^3fl2J^i?<HI DSEIOi #71 /dffiEKH 2J*TS SII0IE12I St§30fl?il£ §?4=2J tfgUljflS g\m 

gTj^JIM i§2J ^£ES 5I2AIIJ21 5AIO0 #71 fe^SM 521! £3^A|?I = 

#71 LH2J #71 t»@7iaa ggt!- 2,^23 SAISHI. #71 B^HS UAI323 n H gA|?|^ 

#71 A1SE12J SIxISKfl #71 SllOiasj uegge 7|gSfe ?J]0IE|7l-g¥S»1; 

s^sjii apt s«ts*i. 

16 

a rem sichai. 
«ioi metres 

g#¥0il ggohJfl SgflCH EU£M !3IOIM2h; 



#71 EISM sMOIMSJ ^A>g*F ^=0)1 ±g2| S^Sj-g 0132101 #71 SlIOHHSh 2*21^ Q4=7H2| 
81 01 SI £#S B2h; 

#71 ei = M lEflOIMSf gt^tlOi £§(■#! SftfeS^a iStfl^ SI ?gog §^ SJAI- 

S^tJ- 19 
3B14MHI SICHAI. 

#7i 7ixiioi£¥= x\mm?\m?\ *!#2i #ehs sssioi sj= ai&sa *i#i2. snares aisjichi 

Ml#7lx«! £2J AI3IS HHSS5h, XII ISmS 7J)#20i S2JS §§#7IJII0i 2|SD 7IS-S H IB!-§7IHI 

M sssfe ais«». «iiss»£3 ¥Ei xnisasHHi *!2 sss sns7i&a 

*U2Sm7iai7|- 9!) #2| #EHS 73SEICH *H2S!g=! 751 #2. Xjl^gS Al #11011 g§# 71*11! £SA| 

e -«Ai g§e zm afEsii *^9j- 9*9x1. 

2D 

flM9t,HM 21CHAI, Xfl1Sg5h21 X1l2S§S-£ e>S^SI- 31E|= 15^°S 3!EI= 
g7|EICH SSffl; 

#7^^ ! ( i§2^|ES ^^J^ 7M^S0I SBEIOI Si^ 51! I§£5 Sfe SA># Ofliliej 
22 

SH94HW SiOIAI, 

#71 HIISS^ #71 X-fllS>g£J At #2 AKJI, HllSS^ai A10I. #71 »|2SS£h21 SllZWga 

A)#H AMI. Jfl2S#^?21 e^§^ A10IOI1 7151121 ^^! SAISfe ffla u J«SF g7|°>0|| 245« 5f=5^ g 
SJ- U JS71 33EI0) 21H. 
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S-^tJ 23 

HI 19*KH) SiCHA), 

OI#A|?| = JHEUOIShOI 9 g El 01 2J£ 21 -§S££ *fe £JXH§ OflEiejAI gg§ SJEfl] afSJ g 

S^tJ- 24 
H23^0i| 2CHA1. 

4t7\ MVZm? SES *II2#§?£ ttS7M?} gAffi^ AIS1 A)£ ^OOi&KH. CH *f AJg 

WAj SJU0|J£g£i LH£= CH^ *f ^g^liflS? SAIEJS 21 1921 Sh= Mill^AI §§S 9\?t & 

25 

HI 231MI SICHAL 

4?i M)%m=i se^ «i2se^?s &mmm sgEixi s*s aism^ S9i Hii^ish j^^ism 

158 §32 Plxfll 471 HI ISM? £E5 H12Sa?l AflgSfe 21 5fe *JA>i- OH 

g^Sf 26 
M\%W SIOJAI, 
47I ?HO|ffl^|-g^=, 

§jg*!:2S JfflOiEKH 471 AiSEISJ *J5Stf§ C&EJ A|S 9.^1 ??= D^THSJ ^S2!g = 

471 ^S2SI3H olE17h gx|£! SZ^ °!SS^0f| Q^EICH 471 5301 £2EI^ 21 gfXie^l 

$1^101 §Sf47lilll 2.^^2£ SAtfHr §Sf47|fl|gAH?l 5s,^ie 21 ^S££ 3h= SWs Oflal 

^Ai ssi ms.n ears*. 
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